There is a need to explore novel methods of assessing bone health in sick preterm infants. This study of the speed of sound in the long bones of newborn term and preterm infants shows that, in this population, this technique is not site specific and has a high degree of interobserver and intraobserver precision. The speed of sound in newborn infants is primarily dependent on gestation rather than birth weight. P oor bone health in preterm infants is due to a combination of reduced mineralisation and low bone mass, and its assessment remains difficult.
There is a need to explore novel methods of assessing bone health in sick preterm infants. This study of the speed of sound in the long bones of newborn term and preterm infants shows that, in this population, this technique is not site specific and has a high degree of interobserver and intraobserver precision. The speed of sound in newborn infants is primarily dependent on gestation rather than birth weight. P oor bone health in preterm infants is due to a combination of reduced mineralisation and low bone mass, and its assessment remains difficult. 1 Preliminary studies suggest that the measurement of speed of sound (SOS) by quantitative ultrasound may be a useful adjunct for assessing bone health in infants. 2 3 However, its methodology needs further exploration, especially if it is used in the sick, preterm infant. This study was performed to assess the reliability of the technique in this setting and to assess the relation of SOS to the gestation and size of the infant.
PATIENTS AND METHODS
SOS was measured at a median age of 3 days (interquartile range 2-5) in 110 (60 male) infants with a median gestational age of 36 weeks (range 24-41) and median birth weight of 2565 g (680-4600) (table 1). The cohort, which included five sets of twins (four of the same sex) was arbitrarily divided into three groups by gestation at birth: A (.37 weeks), B (32-36 weeks), and C (,32 weeks).
SOS was measured using the Sunlight Omnisense 7000P (Sunlight Medical, Tel Aviv, Israel) at the distal third of the radius and the mid shaft of the tibia. The results were expressed in m/s. 4 Validation studies were performed to assess: (a) intraobserver variation (multiple measurements performed at one site by the same observer in 15 infants); (b) interobserver variation (repeat measurements on two sites in six infants); (c) variation between different sites in same infant (duplicate scans at each tibia and radius in 20 infants).
XL STAT version 7.0 (Addinsoft, Paris, France) and Microsoft Excel 2000 (Microsoft Corp, Seattle, Washington, USA) were used to determine the precision of the measurements by calculating the coefficient of variation. Differences between groups were compared using the Mann-Whitney U test. Analysis of covariance was performed to assess any associations between variables.
The study was approved by the local ethics committee, and informed consent was obtained from all parents.
RESULTS

Intraobserver and interobserver variation
The intraobserver technical error of three repeat measurements at the tibia in 25 infants with a median gestational age of 37 weeks (range 33-41), as assessed by two methods, mean coefficient of variation and root mean square average, 5 was similarly low at 1.2% (1SD, 0.8%) and 1.4% respectively. The mean interobserver coefficient of variation for measurements performed by two observers at the tibia in six infants with a median gestational age of 26 weeks (range 24-32) was 1.2% (0.7%).
Intersite variation
In 20 infants with a median gestational of 37 weeks (range 26-41), measurements were performed at both tibiae and radii. The mean coefficient of variation (1SD) for measurements at all four sites was 2.4% (1.2%), left and right radius was 2.1% (1.4%), right radius and right tibia was 2.3% (1.8%), left radius and left tibia was 1.8% (1.2%), and left tibia and right tibia was 1.7% (1.8%.)
Gestation and birth weight Median tibial SOS was 3079 m/s (interquartile range 3010-3142) in group A. This was significantly higher than in group B who had a median SOS of 2994 m/s (interquartile range 1A) . There was no significant correlation between the birth weight and SOS in the infants in group A ( fig 1B) . Analysis of covariance revealed that 40% of the variability of tibial SOS was explained by gestation, birth weight, and sex (p,0.001), and gestation had the greatest impact, followed by birth weight, and then sex.
Influence of size
In group A and B, there were no significant differences between the tibial SOS for the small for gestational age (SGA) and appropriate size for gestational age (AGA) infants. However, in group C, median tibial SOS was greater in the two SGA than the AGA infants with a median SOS of 3034 m/s (interquartile range 3011-3056) and 2909 m/s (interquartile range 2790-2997) respectively (p,0.05). In the five sets of twins, tibial SOS tended to be higher in the lighter twin ( fig 1B) . There were no significant differences between the large for gestational age and AGA infants.
DISCUSSION
Not only does this study reinforce the finding of previous studies that quantitative ultrasound assessment of SOS can be performed successfully and precisely in infants from 24 weeks gestation through to term, it also shows that, at this age, the assessment is not site specific, and measurements at one tibial site are sufficiently representative of the SOS at the other sites in the neonate. Unlike most previous studies, the infants in this study were measured very shortly after birth, eliminating the confounding effect of the associated comorbidities that are often encountered in the preterm infant. 2 3 The close correlation of tibial SOS with gestational age rather than birth weight agrees with other recent reports in which measurements were performed within the first 4 days, suggesting that maturity may be a more important factor in bone health than birth weight. 4 6 The relative lack of an association between birth weight and SOS was reinforced, firstly, by the findings in the SGA infants who did not have a lower tibial SOS than gestation matched AGA infants, and secondly by the twin studies in which the tibial SOS was similar, and even slightly higher in the growth retarded twin.
The future application of quantitative ultrasound in assessing the bone health of infants deserves further exploration and the data in this report should prove beneficial in designing longitudinal studies. The shapes other than circles represent tibial SOS values for twin pairs of whom one was SGA and one was AGA. In all cases, the twin with the lower birth weight had the higher SOS (m/s).
